therosclerotic stenosis of the major intracranial arteries is an important cause of stroke, especially in blacks, Asians, and Hispanics. [1] [2] [3] Of the 900,000 strokes or transient ischemic attacks that occur each year in the United States, 4, 5 approximately 70,000 to 90,000 are caused by intracranial arterial stenosis. 3 The risk of recurrent stroke in these patients may be as high as 15 percent per year. 6, 7 Despite their high risk of stroke, there are no prospective studies comparing antithrombotic therapies in these patients. Anticoagulation was first used to treat intracranial arterial stenosis in 1955, 8 and subsequent, retrospective studies suggested that warfarin may be more effective than aspirin. 6, 7, 9 On the other hand, a more recent trial that compared aspirin with warfarin in patients with noncardioembolic stroke (most of whom had lacunar infarct) showed similar rates of recurrent stroke with the two treatments. 10 Uncertainty about optimal antithrombotic therapy for intracranial arterial stenosis is illustrated by a recent survey showing that neurologists in the United States are evenly divided between those who prefer warfarin therapy and those who prefer antiplatelet therapy for this disease. 11 Given the importance of intracranial stenosis as a cause of stroke and the lack of evidence supporting a clear choice for treatment, 12 we conducted a clinical trial to compare aspirin with warfarin in patients with this disorder.
study design and patient eligibility
Details of the study design have been published previously. 13, 14 The study was an investigator-initiated, randomized, double-blind, multicenter clinical trial conducted at 59 sites in North America. The National Institute of Neurological Disorders and Stroke (NINDS) sponsored the study. The study protocol was approved by the institutional review board at each site, and all patients gave written informed consent for participation. Patients who did not undergo angiography as part of routine care gave written informed consent for angiography as part of the study protocol. The operations committee was responsible for the design of the study, oversight of data collection, and data analysis. The steering committee was responsible for writing the manuscript.
Patients were enrolled between February 1999 and July 2003. Inclusion criteria included transient ischemic attack or nondisabling stroke that occurred within 90 days before randomization and that was attributable to angiographically verified 50 to 99 percent stenosis of a major intracranial artery (carotid, middle cerebral, vertebral, or basilar), a modified Rankin score of 3 or less (indicating a nondisabling stroke), and an age of at least 40 years. Exclusion criteria included tandem 50 to 99 percent stenosis of the extracranial carotid artery, nonatherosclerotic stenosis of an intracranial artery, a cardiac source of embolism (e.g., atrial fibrillation), a contraindication to aspirin or warfarin therapy, an indication for heparin administration after randomization, and a coexisting condition that limited survival to less than five years.
randomization and study medications
Treatment assignments were stratified according to study site and were generated at the statistical coordinating center with the use of a pseudo-random-number generator with randomly permuted blocks. Patients were given two vials of medications, one marked "warfarin/placebo" and the other marked "aspirin/placebo." One vial contained active medication and the other contained placebo. The initially prescribed dose of warfarin (or its placebo) was 5 mg daily, and that of enteric-coated aspirin (or its placebo) was 650 mg twice daily. The dose of aspirin or its placebo could be lowered (minimum dose, 325 mg per day) if side effects, such as dyspepsia, developed.
At each site, there was a team blinded and one investigator not blinded to the study-group assignments. All patients underwent a blood test at least monthly to determine the international normalized ratio (INR); blood samples were sent overnight to the Quest Diagnostics Clinical Trials laboratory (Van Nuys, Calif.), where the sample was processed and the INR calculated. The result was then faxed to the nonblinded investigator, who made protocol-specified adjustments in the dose of active warfarin according to the INR (target range, 2.0 to 3.0) or the dose of placebo warfarin according to a predetermined dose-adjustment schedule based on real anticoagulation data.
follow-up and assessment of end points
Patients were contacted monthly to determine whether any events had occurred. Every four months, patients were examined by a blinded neurologist who also managed the patient's vascular risk factors in association with the patient's primary a methods physician. If a stroke was suspected, patients underwent brain computed tomography (CT) or magnetic resonance imaging (MRI).
The components of the primary end point (ischemic stroke, brain hemorrhage, or death from vascular causes other than stroke) were adjudicated by independent panels of neurologists and cardiologists who were unaware of the patients' studygroup assignments. Ischemic stroke was defined as a new focal neurologic deficit of sudden onset that lasted at least 24 hours and that was not associated with a hemorrhage on brain CT scanning or MRI. Brain hemorrhage was defined as evidence of parenchymal blood on CT scanning or MRI. Death from vascular causes other than stroke was defined as sudden death or death within 30 days after a myocardial infarction, pulmonary embolism, rupture of an aortic aneurysm, acute ischemia of a limb or internal organ, subdural or subarachnoid hemorrhage, or major systemic hemorrhage. Major hemorrhage was defined as any intracranial hemorrhage or systemic hemorrhage requiring hospitalization, blood transfusion, or surgery.
All patients were to be followed until any single component of the primary end point or death occurred or a common termination date (expected to be 17 months after the last patient was enrolled) was reached. The mean follow-up period was planned to be 36 months (range, 17 to 53).
statistical analysis
On the basis of previous studies, 6, 7, 15 we proposed that the rates of the primary end point (ischemic stroke, brain hemorrhage, or death from vascular causes other than stroke) would be 33 percent over a three-year period with aspirin, as compared with 22 percent over a three-year period with warfarin. Given this effect size, a probability of a type I error of 0.05, a power of 0.80, a 24 percent rate of discontinuation of study medications, and 1 percent loss to follow-up, the required sample size based on a two-sided log-rank test was 403 patients per group.
The cumulative probability of an outcome over time was estimated by analyzing cumulative incidence, in which causes of death that were not part of the outcome were treated as competing risks. 16 To estimate the probability of death from any cause over time, the product-limit method was used, and events other than death were censored. Data pertaining to patients lost to follow-up were censored on the last contact date. The two treatment groups were compared with the use of a log-rank test. A hazard ratio (for aspirin relative to warfarin) was calculated with the use of a Cox proportional-hazards regression model. Baseline features of the two groups were compared with the use of an independent group t-test (for means) or chi-square test (for percentages). All analyses were performed on an 
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performance and safety monitoring
A performance and safety monitoring committee appointed by NINDS met every six months to review the progress of the study and accumulated data.
Early in the trial, three interim efficacy analyses of the primary end point -when approximately 25 percent, 50 percent, and 75 percent of the required end points had occurred -were planned. 13, 17 There were no prespecified stopping rules for safety. On the unanimous recommendation of the monitoring committee, NINDS stopped enrollment in the trial on July 18, 2003, because of concerns about the safety of patients assigned to warfarin. Patients were seen for close-out visits by September 1, 2003, and events occurring up to the time of the close-out visit were included in the analyses.
baseline characteristics, follow-up, and compliance with treatment goals A total of 569 patients had been randomly assigned to a study group when enrollment in the trial was stopped (Fig. 1) . None of the baseline characteristics differed significantly between the two treatment groups (Table 1) . Multiple logistic-regression models did not identify any subset of baseline characteristics that was significantly different between the two groups. The mean duration of follow-up was 1.8 years. Thirteen patients (2.3 percent) were lost to followup (six) or withdrew consent (seven) an average of six months after enrollment (Fig. 1) . Study medications were permanently discontinued in 128 patients (22.5 percent) after an average period of 0.9 year, with a significantly higher rate of discontinuation among patients assigned to warfarin (28.4 percent) than among those assigned to aspirin (16.4 percent) (P<0.001).
During the maintenance phase of anticoagulation (i.e., the follow-up period after an INR of ≥2.0 was first achieved), the mean INR was 2.5. The percentages of maintenance time that patients spent at the prespecified INR ranges were as follows: 22.7 percent at an INR of less than 2.0, 63.1 percent at an INR of 2.0 to 3.0, 12.9 percent at an INR of 3.1 to 4.4, and 1.2 percent at an INR of 4.5 or greater. Among the patients randomly assigned to receive aspirin, the percentage of follow-up time at a dose of 1300 mg per day was 93.7 percent.
outcomes
Efficacy
The primary end point occurred in 22.1 percent of the patients in the aspirin group and 21.8 percent of those in the warfarin group (hazard ratio, 1.04; 95 percent confidence interval, 0.73 to 1.48; P=0.83) ( Table 2 and Fig. 2 ). An on-treatment analysis, in which data from patients who permanently stopped taking their study medications were censored at the time of withdrawal, showed virtually the same result (hazard ratio, 1.04; 95 percent confidence interval, 0.72 to 1.50; P=0.83). Prespecified secondary end points included ischemic stroke in any vascular territory; ischemic stroke in the territory of results * Plus-minus values are means ±SD, except for time from qualifying event to randomization, in which case the values are medians ± median absolute deviation. There were no significant differences between the groups at the P=0.05 level. ACE denotes angiotensin-converting enzyme. † Race was determined by the investigators. ‡ The values reflect measurements in patients with diabetes only. § The affected arteries were a combination of the internal carotid and middle cerebral arteries, the vertebral and basilar arteries, or the left and right vertebral arteries. ¶ The data reflect the reading of the angiograms by the neuroradiologist at the clinical coordinating center. At the participating sites, these angiograms were interpreted as showing 50 to 99 percent stenosis. the stenotic intracranial artery; and a composite of ischemic stroke, death from vascular causes other than stroke, or nonfatal myocardial infarction. There were no significant differences between the two treatment groups in the rates of any of these end points (Table 2) . A major cardiac event (myocardial infarction or sudden death), which was not a prespecified secondary end point, occurred significantly more frequently in the warfarin group than in the aspirin group (rate, 2.9 percent in the aspirin group vs. 7.3 percent in the warfarin group; hazard ratio, 0.40; 95 percent confidence interval, 0.18 to 0.91; P=0.02).
Adverse Events
The rate of death was significantly higher among patients assigned to warfarin (4.3 percent in the aspirin group vs. 9.7 percent in the warfarin group; hazard ratio, 0.46; 95 percent confidence interval, 0.23 to 0.90; P=0.02) ( Table 3 and Fig. 3A) . Patients * The hazard ratio in the aspirin group as compared with the warfarin group was determined with the use of a Cox proportional-hazards regression model, with treatment as the only covariate. CI denotes confidence interval. † P values are for comparison between the aspirin group and the warfarin group and were calculated by the log-rank test. ‡ Given the number of patients recruited and the outcomes observed, if warfarin is in fact superior to aspirin by the degree hypothesized, the probability that the study, if completed, would have resulted in a statistically significant difference in favor of warfarin 18 was 0.23. assigned to warfarin had higher rates of death from vascular causes and from nonvascular causes, although only the latter reached statistical significance (P=0.05) ( Table 3) . Major hemorrhages occurred significantly more often among patients assigned to warfarin (3.2 percent in the aspirin group vs. 8.3 percent in the warfarin group; hazard ratio, 0.39; 95 percent confidence interval, 0.18 to 0.84; P=0.01) ( Table 3 and Fig. 3B ). Of the 147 patients enrolled who underwent angiography as part of the study protocol, none had a stroke related to angiography. (The other 422 * The hazard ratio in the aspirin group as compared with the warfarin group was determined with the use of a Cox proportional-hazards regression model, with treatment as the only covariate. CI denotes confidence interval. † P values are for the comparison between the aspirin group and the warfarin group and were calculated by the log-rank test. ‡ In the aspirin group, two patients had lung cancer and one prostate cancer; in the warfarin group, three patients had lung cancer, one prostate cancer, one stomach cancer, and one cancer of the spine. § Death from congestive heart failure was prespecified as a type of death from nonvascular causes because congestive heart failure is usually a chronic condition. ¶ There were 27 hemorrhages among these 24 patients: 1 patient had 3 ocular hemorrhages, and 1 patient had 2 subdural hematomas. ¿ Of these four patients, three required transfusions: one because of severe anemia, one because of right-flank hematoma, and one because of oral bleeding after a tooth extraction; a fourth patient had bleeding from the nose and gums that led to hospitalization. **There were eight myocardial infarctions among these seven patients. The new england journal of medicine study patients had undergone angiography as part of routine care before enrollment in the trial.)
Relationship of INR Values to Ischemic Stroke, Major Cardiac Events, and Major Hemorrhages
A post hoc on-treatment analysis of patients assigned to warfarin was performed to determine whether INRs below or above the target range were associated with an increased risk of ischemic or hemorrhagic events. INR-specific rates of these events were calculated on the basis of the INR closest to the date of the event, whether it was obtained before or as many as two days after the event ( The common practice of administering warfarin rather than aspirin for symptomatic intracranial arterial stenosis is not supported by the results of this trial. Warfarin was associated with significantly higher rates of death and major hemorrhage and provided no advantage over aspirin in the prevention of ischemic stroke, brain hemorrhage, or death from vascular causes other than stroke. The rate of death from any cause was significantly higher in the warfarin group than in the aspirin group (P=0.02).
Although the rates of death from vascular and nonvascular causes were higher in the warfarin group, only death from nonvascular causes reached statistical significance. The reason for the excess mortality from nonvascular causes (cancer, in most instances) in the warfarin group is unclear. It is not explained by the potential ability of aspirin to prevent colon cancer, 20 since none of the deaths in the warfarin group were from that disease. The low number of deaths from nonvascular causes in the trial (14 altogether) and the fact that warfarin has not been associated with an increased risk of death from nonvascular causes in previous anticoagulation trials raise the possibility that this finding was a chance occurrence. The rate of major systemic hemorrhage during warfarin therapy was higher than projected on the basis of previous trials (observed rate, 4.6 per 100 patient-years, vs. a projected rate of less than 2 per 100 patient-years 21 ), yet the rate of brain hemorrhage was lower than projected (observed rate, 0.4 per 100 patient-years, vs. a projected rate of 0.7 per 100 patient-years 15 ). It is unlikely that these findings can be accounted for by the high burden of hypertension and other vascular risk factors in this population, since this characteristic does not explain why the risk of systemic hemorrhage was selectively increased. One possible explanation is that the definition of major systemic hemorrhage in this trial was broader than that in other stroke trials. 10, 22 In this trial, major systemic hemorrhage was defined as hemorrhage necessitating hospitalization, transfusion, or surgery, whereas other trials' definitions required transfusion, 10,22 surgery, 22 or bleeding that resulted in permanent impairment. 22 If these more restrictive definitions 10 had been used in this trial, the rates of major hemorrhage in both treatments groups would have been lower (1.2 per 100 patient-years in the aspirin group and 3.1 per 100 patient-years in the warfarin group), but the rate with warfarin would have remained significantly higher (P=0.04). The rate of myocardial infarction or sudden death was also significantly higher with warfarin than with aspirin in this trial. This finding differs from the results of two recent trials comparing warfarin (target INR, 2.0 to 3.0) with low-dose aspirin (80 to 160 mg per day) in patients with acute coronary events; one trial showed that warfarin was more effective in preventing myocardial infarction, 23 and the other showed that it was equally effective. 24 These contrasting results are difficult to explain but may be related to the higher dose of aspirin used in this trial (1300 mg per day). This dose was chosen in part because higher doses of aspirin decrease platelet resistance, 25,26 diminish shear-induced platelet aggregation, 27 and may decrease the inflammatory component of atherothrombosis. 28, 29 Although a post hoc on-treatment analysis of the patients assigned to warfarin showed that ischemic stroke, major cardiac events, and major hemorrhages were less likely to occur when the INR was at least 2.0 but not more than 3.0, this narrow therapeutic range is difficult to achieve in clinical practice. INRs were within the target range for 63.1 percent of the maintenance period -a finding that is similar to the percentages observed in other anticoagulation trials, and one that exceeds the percentage typically achieved when patients are treated by their personal physicians. 30 Although it is possible that a protocol requiring more frequent INR tests could have achieved a higher percentage of time within the therapeutic range, patients' compliance with such a protocol and blinding of the trial would have been challenging. As other methods become available to improve the ability to maintain INRs within the therapeutic range (e.g., home monitoring 30 ) and as new anticoagulant drugs that do not require intensive monitoring are developed, a subsequent trial may be warranted to determine whether therapeutic anticoagulation has a role in the treatment of intracranial stenosis.
The burden of vascular risk factors in patients in this trial exceeds that observed in most other stroke-prevention trials. 10, 22, [31] [32] [33] [34] [35] Moreover, the rates of ischemic stroke in this trial were substantially higher than in other trials of the secondary prevention of stroke in which aspirin or warfarin was evaluated. The two-year rates of ischemic stroke in this trial were 19.7 percent in the aspirin group and 17.2 percent in the warfarin group, as compared with 8 to 12 percent with aspirin 10,31,35,36 and 8 to 14 percent with warfarin 10, 34, 35 in trials of patients with other causes of stroke. These data indicate that intracranial stenosis is a high-risk disease for * The analysis did not include follow-up time or events while patients were not receiving study medication. The events not included were 3 of 27 major hemorrhages, 9 of 49 ischemic strokes, and 7 of 21 major cardiac events. INR denotes international normalized ratio, and CI confidence interval. † The categories coincide with the prespecified target INR range (2.0 to 3.0) and critically high INR range (≥4.5). 13 ‡ The method assumed a linear interpolation to estimate INRs between consecutive INR tests. For example, if two consecutive INRs obtained a month apart were in the therapeutic range, the method assumed that the INR was in the therapeutic range for the entire month. § A major cardiac event was defined as myocardial infarction or sudden death. The new england journal of medicine which alternative therapies are needed. Other options include aggressive management of risk factors, alternative antiplatelet regimens, 37 and intracranial angioplasty or stenting. 38, 39 As yet, none of these treatments have been evaluated in a controlled clinical trial in patients with intracranial stenosis.
The results of this trial have important implications for clinical practice. First, aspirin, rather than warfarin, should be used to treat intracranial arterial stenosis. Although the optimal dose of aspirin for stroke prevention is uncertain, the only reliable outcome data in patients with intracranial stenosis are those pertaining to the dose used in this study: 1300 mg per day. Using aspirin rather than warfarin in these patients will substantially lower the risk of major hemorrhage and eliminate the inconvenience of using warfarin. In addition, considerable savings can be achieved by avoiding the costs of warfarin, INR testing, and treatment of warfarinassociated hemorrhages. 40 Second, the role of vascular imaging (magnetic resonance angiography, transcranial Doppler ultrasound, CT angiography, or catheter angiography) of the intracranial vessels as part of the initial evaluation of patients with transient ischemic attack or stroke needs to be reevaluated. Until therapy that is more effective than aspirin in combination with risk-factor management emerges, it could be argued that imaging of the intracranial vessels is unnecessary. On the other hand, identification of patients with intracranial stenosis has important prognostic implications, may influence treatment decisions (such as those regarding high-dose aspirin and aggressive risk-factor management), and may ultimately lead to more effective therapies for this high-risk disease.
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